Burgers-os, inverse Helmholtz filter
a as given; g =0.5; v=0.005
u(@,0) = = exp (- |25%2)
T=200n, n=0...10; 4096 zones

Shows effect of increasing c.
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Wave Structures in Nonlinearly Balanced 1+1 PDEs

Numerics by: %Templated PDE Toolbox

Burgers-o8, EullLag; inverse Helmholtz filter
a,B as given; v = 0.005
u(x,0) = cos(x) + cos(5z) + cos(10x) + cos(15z)
T=1; 4096 zones

Shows difference between Burgers-af and EulLag solu-
tions for various parameters.
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Burgers-os, EulLag; inverse Helmholtz filter
a,B as given; v = 0.005
u(x,0) = cos(x) + cos(5z) + cos(10x) + cos(15z)
T=1; 4096 zones

Shows difference between Burgers-af and EullLag solu-
tions for various parameters. Closeup of plot at left.

u(x,t=1)

25 \ T T

Burgers—-of, «=0.05, B=1 /]

. Burgers—afp, o=0, [ arbitrary !
N / | EulLlag, «=0.05 ;o

Ug "I_ UlUx

Equivalently,

Burgers-.s

Ut + UUyx — VUxx

Note: 3 =1/2 preserves

[E1F=#

EulLag

Ut + UUyx — VUxx

&

—a?B0xT, (1 —a?02)T =u?

_ax7_7

Also, define m = (1 — a29?)u.
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Filters

Inversion of the Helmholtz operator (1 — o292) in the equation

(1 — a?02)7 = rhs

Is easily accomplished in Fourier space:

1
1+ o2k?

FFT(rhs))

where FFT denotes a Fourier transform and FFT~' a Fourier synthesis.

We have experimented with the following filters:
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Burgers-o8, filter as given
a=0.05; 6=1; v=0.005

u(zx,0) = cos(x) + cos(bx) + cos(10x) + cos(15x)

Shows

T=1; 8192 zones

effect of using the inverse Helmholtz filter versus

the Gaussian filter with the Burgers-a8 equation.

Burgers-ag, filter as given
a=0.05; =1; v=0.005
u(x,0) = cos(x) + cos(5z) + cos(10x) + cos(15z)
T=1; 8192 zones

Shows effect of using the inverse Helmholtz filter versus
the Gaussian filter with the Burgers-a3 equation.
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Burgers-o8, filter as given
a=0.05; 6=1; v=0.005

u(z,0) = cos(z) + cos(5x) + cos(10x) + cos(15x)

T=1; 8192 zones

Shows effect of using the inverse Helmholtz filter versus

the Gaussian filter with the Burgers-a8 equation.
u(x,t), inverse Helmholtz filter
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B Equation, inverse Helmholtz filter

u(x,0) = #exp (— | =

a =5 b as shown

z—50 z—150

) + 101/% exp (— |25
T=2500; 16384 zones

)

Shows that peakons of width «a are stable, propagate as
traveling waves, and interact elastically.
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B Equation, inverse Helmholtz filter

u(x,0)

a=1; b as shown
_1 z—150

5/ SXP (= [5=2]) + ﬁexp =5
T=2500; 16384 zones

)

Shows that peakons of width greater than «a break into
narrower peakons.
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B Equation, inverse Helmholtz filter

a=1; b=—-4
u(x,0) = ﬁ exp [— (x_zéoo)z]
T=2500; 8192 zones

Shows solution with initial Gaussian of width 20.
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